The first U.S. nationwide food sampling with measurement of dioxins, dibenzofurans, and coplanar, mono-ortho and di-ortho 
Polychlorinated dibenzo-p-dioxins (PCDDs, or dioxins), polychlorinated dibenzofurans (PCDFs), and polychlorinated biphenyls (PCBs) are synthetic, toxic, and highly persistent chemicals first produced in the 20th century. They are now ubiquitous and enter the general population almost exclusively from ingestion of food (Startin, 1994; Beck et al., 1989; Birmingham et al., 1989; Theelen, 1991; Ministry of Agriculture, Fisheries, and Food, 1992) . Periodically, special food contamination occurs. Recently, in Belgium, chickens, eggs, some pigs and cattle, and dairy products were contaminated from feed made with PCB-and dibenzofuran-contaminated animal fat. A large proportion of Belgian food products had to be removed from the market and destroyed (Hileman, 1999) . These were the same chemicals that contaminated rice oil in Japan, leading to the Yusho or rice oil incident of 1968 (Masuda et al., 1996) . This report is the first nationwide study of U.S. foods analyzed for dioxins and the closely related compounds, the dibenzofurans and PCBs. One hundred and ten food items were purchased in 5 regions of the United States and combined by food categories in 12 lots for separate dioxin analyses. Along with dioxins and dibenzofurans, three coplanar, three monoortho, and four di-ortho PCB congeners were measured. The average daily dioxin toxic equivalent (TEQ) intake by males and females of different ages was calculated on the basis of the U.S. Department of Agriculture's Continuing Survey of Food Intakes by Individuals, 1989 (USDA et al., 1995 . TEQ intake of nursing infants was estimated using results of analyses of human milk samples collected from nursing women in Binghamton, New York (Schecter et al., 1996a) . 1,1-Bis(p-chlorophenyl)-2,2-dichloroethylene (DDE), a metabolite of dichlorodiphenyltrichloroethane (DDT), also was measured in the purchased food items, and its average daily intake was calculated.
The concept of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) toxic equivalency (TEQ) was developed in order to simplify risk assessment and regulatory control (Eadon et al., 1986) . Toxicity of the individual dioxin, dibenzofuran, and dioxinlike PCB congeners is assessed based on evaluation of the data from in vitro and in vivo studies, leading to determination of dioxin toxic equivalency factors (TEFs). These are order-of-magnitude consensus estimates of dioxinlike toxicity. The TEFs are used to weight the measured levels of the congeners present in a sample in relation to the most toxic dioxin congener, TCDD, which is defined as having a TEF of 1. The measured concentration of each congener is multiplied by the TEF weighting factor. The total dioxinlike toxic equivalency, or TEQ, is the sum of these products.
The 1998 revision of dioxin, dibenzofuran, and PCB TEFs by the World Health Organization (WHO) is used in this study (Van den Berg et al., 1998) . It succeeds the "international" dioxin and dibenzofuran TEFs used since 1988 (NATO, 1988a , 1988b .
At the present time, PCBs are found at much higher levels than PCDDs and PCDFs in the food supply and in human tissues, and some PCB congeners also exhibit dioxinlike toxicity. Results of assessments of PCB exposures in general population samples in industrial countries, based on the 1998 WHO TEFs for PCBs (Ahlborg et al., 1994) , suggest that TEQ body burden from PCBs is comparable in amount to the TEQ burden from PCDDs and PCDFs combined (Jimenez et al., 1996; Masuda et al., 1996; Päpke et al., 1996; Schecter et al., 1996b; Liem & Theelen, 1997; Alcock et al., 1998; Becher et al., 1998; Schecter & Päpke, 1998) . Current consensus dioxin TEFs are used for 12 PCB congeners from the 1998 WHO revision (Table 2 , Van den Berg et al., 1998) .
METHODS
In 1995 we purchased a total of 110 food items from supermarkets in cities in 5 regions of the United States: the Northeast (Binghamton, NY), the Mid-South (Louisville, KY), the Deep South (Atlanta, GA), the Midwest (Chicago, IL), and the West Coast (San Diego, CA). Purchased items were immediately frozen and shipped to the Midwest Research Institute in Kansas City, MO, a laboratory certified by WHO for analysis of dioxins, dibenzofurans, and PCBs in biological specimens (WHO, 1991) . The samples were pooled into 12 separate lots by food category. Each lot was analyzed separately. The 12 food categories included 4 types of meat, 4 types of dairy product, eggs, ocean fish, freshwater fish, and a simulated completely vegetarian, or "vegan," diet, shown in Table 1 .
PCDDs and PCDFs previously have been detected primarily in lipids of animal origin, and are usually below detection limits in vegetables and fruits (Startin, 1994; Beck et al., 1989; Birmingham et al., 1989; Theelen, 1991; Ministry of Agriculture, Fisheries, and Food, 1992) . Blood dioxin levels in pure vegans have also been found to be very low in comparison with the general population, indicating a lower contribution of these foods to human dioxin body burden (Schecter & Päpke., 1998) . For analysis, all 20 samples of fruits, vegetables, legumes, or cereal products were combined into 1 simulated vegan diet sample.
Preparation for analysis involved solid/liquid extraction of lipids, followed by a multicolumn cleanup using carbon on glass fiber. Measurement and quantification were performed by high-resolution gas chromatography mass-spectrometry (GC/MS) applying an isotope dilution method. Analytic methods have been described previously and are not repeated in detail here (Stanley & Bauer, 1989) .
Samples were analyzed for 7 PCDD, 10 PCDF, and 10 PCB congeners, and also for DDE, listed in Table 2 . These compounds are among those referred to as (toxic) persistent organic pollutants (POPs), or sometimes as endocrine disrupters.
The recent human milk samples were collected from women in Binghamton, NY, in 1996, immediately frozen, and shipped to Hamburg, Hot (250) ND (250) ND (250) ND ND (250) ND ( (250) ND (250) ND ( Note. ND, not detected; limit of detection given in parentheses. NQ, not quantifiable due to interference.
Germany, for analysis at ERGO Laboratory. ERGO Laboratory is also certified by WHO for dioxin analyses of biological specimens (WHO, 1991) . The human milk samples were analyzed individually for dioxins, dibenzofurans, and three coplanar PCBs. Analytical methods were the same as for purchased food samples and have been described previously for ERGO laboratory (Ball et al., 1989) .
Estimates of average daily consumption were derived from the U.S. Department of Agriculture's Continuing Survey of Food Intakes by Individuals, based on data from 15,000 respondents interviewed during (USDA et al., 1995 . Survey data collection was designed to include balanced representations of different regions of the United States, different socioeconomic groups and races, and different seasons. Results were stratified by age and gender.
RESULTS
The results of analyses of the 12 pooled food samples are given in Table  2 as picograms per gram, or parts per trillion (ppt), wet weight, as eaten. TEFs are listed for dioxins, dibenzofurans, and coplanar and mono-ortho PCBs. Although di-ortho PCBs currently are not believed to exert dioxinlike toxicity (Van den Berg et al., 1998) , the nondioxinlike PCB congeners exhibit toxicity by other pathways that do not involve the aryl hydrocarbon (Ah) receptor as does dioxin. The di-ortho congeners are prevalent in the environment and in human tissues and can be useful markers for total PCB contamination in human blood (Ballschmitter et al., 1989; Schecter et al., 1994a; Hardell et al., 1996) . Their monitoring in human tissues can be useful to estimate patterns and levels of PCB contamination and also potential PCB health consequences (Seegal & Schantz, 1994; Nicholson & Landrigan, 1994) .
Wet weight TEQ concentrations for the pooled samples and the mean concentration for human milk are presented in Table 3 . Wet weight rather than lipid-based TEQ levels are employed in order to estimate dietary intake. The percentage lipid content for each lot of foods analyzed and the mean lipid levels of the human milk samples are given to facilitate comparison with lipid-adjusted data. As is customary, congeners not detected are usually estimated at half the level of the limit of detection (LOD) in this article. Total TEQs calculated with nondetected (ND) congeners calculated as zero rather than half the LOD are given in the bottom row of the table for comparison. TEQ levels calculated with ND = ½LOD and ND = 0 are represented graphically in Figure 1 , A and B, respectivel y.
Freshwater fish were found to have the highest wet weight dioxin toxicity, with 1.7 ppt TEQ, followed by butter with 1.1 ppt. Ocean fish, meat, poultry, sandwich meats, eggs, cheese, and milk desserts, as well as human milk, were found to have wet weight dioxin TEQ contamination in the range of 0.33 to 0.51 ppt. Corrected by factor of 1.14 to compensate for missing data.
c Actual value may be higher. Totals not corrected to compensate for missing PCB data. Estimated average daily TEQ intake in picograms per person for five age groups, along with total daily TEQ intake proportional to body weight, is given in Table 4 , with proportional TEQ consumption estimates graphically presented in Figure 2 . (TEQ consumption estimates in this report are-with one exception, Table 3 , bottom line-based on TEQ levels with ND = ½LOD.) The highest estimated daily TEQ intake, even with absent data for mono-ortho PCBs in human milk, is 252 pg/d for breast-feedin g infants. Relative to body weight, daily TEQ intake for an infant is 42 pg/kg body weight, several times higher than for children and adults. The high TEQ intake by nursing infants has been recognized previously (Patandin et al., 1997; Schecter & Gasiewicz, 1987; Schecter et al., 1994b) . In the age range 1-11 yr, estimated average daily TEQ intake in proportion to body weight is 6.3 pg/kg body weight for boys and a nearly equal 6.1 pg/kg body weight for girls. For ages 12-19 yr, estimated average proportional daily TEQ intake is 3.5 pg/kg body weight for males and 2.7 pg/kg body weight for females. For adult men, aged 20-79 yr, estimated TEQ intake per day is 2.4 pg/kg body weight. For adult women, it is 2.2 pg/kg body weight. Persons aged 80 yr or over have the lowest estimated daily TEQ intake, 1.8 pg/kg body weight for men and 2 pg/kg body weight for women.
For various age groups, percent of TEQ contributed by the major food categories, meat, dairy products, and vegetables, seen in Table 4 , is similar for males and females. The share of TEQ contributed by fish is smaller than previous estimates, because fish is consumed in smaller quantities in the United States than in many other countries. The largest share of TEQ is from dairy foods for ages 1-11 and 12-19 yr, followed by meat, then
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A. SCHECTER ET AL. vegetables. In our survey, meat contributes the largest share of TEQ in adult diet, followed by dairy foods, then the vegetables. For females 80 yr and over, dairy foods account for the largest share of TEQ intake, then meat and vegetables. For males 80 yr and over, meat, dairy foods, and vegetables all contribute about equally to daily TEQ intake. Estimated relative contributions of PCDDs, PCDFs, and PCBs to total average daily intake of dioxin TEQ for male and female adults, aged 20-79 yr, are shown in Table 5 . PCDDs contribute a slightly larger share of total dietary TEQ intake than do PCDFs or PCBs.
Estimated dietary intakes of DDE (ng/day) are given in Table 6 . Vegetables contribute a large amount of DDE.
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FIGURE 2. Average daily intake of dioxin TEQ by age and sex, pg/kg body weight. a, Nondetects = ½ limit of detection.
DISCUSSION
Nursing infants have a far higher intake of dioxins relative to body weight than do all older age groups. The mean TEQ level in human breast milk included with these results is more than twice that in the dairy milk samples analyzed. A major reason for the markedly higher TEQ intake by infants in the first year of life is their high average daily milk consumption of 100 g/kg body weight (Patandin et al., 1997) . The TEQ level in human milk in 1996 is lower than the level found for women living in Binghamton, NY, and Los Angeles, CA, in 1988, 0.43 and 0.64 ppt wet weight, respectively, not including PCBs (Schecter & Gasiewicz, 1987) . In this study, mean lipid-based TEQ for dioxins, dibenzofurans, and coplanar PCBs is 11.4 ppt, lower than levels reported recently in human milk for 8 European countries ranging from 20 ppt (Czech Republic) to 51 ppt in the Netherlands (Gladen et al., 1999) .
The high proportional intake of TEQ for children aged 1-11 yr relative to adults is due to their consuming almost the same quantity of food,
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A. SCHECTER ET AL. In reports published from 1989 to 1992, estimates of mean daily TEQ intake for adults in Germany, England, the Netherlands, and Canada, based on measurement of dioxins and dibenzofurans, but not PCBs, in foods sampled 2-3 yr previously, ranged from 90 to 125 pg (Beck et al., 1989; Birmingham et al., 1989; Theelen, 1991; Ministry of Agriculture, Fisheries, and Food, 1999) . In our previous report on U.S. food from the same time, TEQ intake with an average diet was estimated to be 18 to 192 pg/d for adults (Schecter et al., 1994b) . Applying the I-TEFs for dioxins and dibenzofurans used in previous studies to results in the present study, mean daily TEQ intake for adults is estimated to be 93 pg, within the range of previous studies. The revised WHO TEFs yield a 14% higher value, 107 pg.
By way of comparison, a Dutch study in 1997 reported a median 135 pg/d TEQ intake for the Dutch population, all ages, based on analyses of foods for dioxins, dibenzofurans, and coplanar PCBs, but not mono-ortho PCBs. Its authors used I-TEFs for dioxins and dibenzofurans and the 1994 WHO TEFs for coplanar PCBs to calculate TEQ, and counted nondetected congeners at half the level of detection. PCDDs and PCDFs contributed 65 pg/d to median Dutch population consumption of TEQ, and 70 pg/d were from coplanar PCBs (Liem & Theelen, 1997) . Although estimated medians for an entire population cannot be compared directly to means for age groups, it may be noted that our estimated 93 pg/d mean TEQ intake from PCDDs and PCDFs for adults, using I-TEFs, or even 87 pg/d mean TEQ intake for ages 1-11 yr, is higher than the estimated Dutch median intake. American TEQ intake from consumption of coplanar and mono-ortho PCBs calculated with the 1994 TEFs would be 38 pg/d for adults, or 35 pg/d for ages 1-11 yr, considerably lower than the Dutch median for coplanar PCBs only.
Consumption of fish is lower in the United States than in some countries, such as Norway, where fish consumption accounts for a larger share of average daily TEQ intake (Becher et al., 1998) . The higher lipid content found here in our freshwater fish, 4.8% compared to 1.4% in ocean fish, may account for some of the difference between the types of fish in wet weight dioxin, dibenzofuran, and PCB concentrations. Another factor may be that the freshwater fish analyzed in this study were raised on fish farms, where animal food is commonly used. The inclusion of dioxinlike PCBs in the analyses for this study may also have increased the vegetable/ fruit dioxin TEQ contribution.
The DDT metabolite DDE persists in the U.S. food supply, despite prohibition of DDT in agriculture since 1972. Levels found in the present study are consistent with those reported previously for fast foods. The level found for ice cream, 2780 ppt, is the same. The level of DDE found in chicken in this study, 149 ppt, is only slightly less than the level previously found in Kentucky Fried Chicken, 180 ppt. Beef in the present study was found to have 433 ppt DDE, far less than the 3170 ppt reported previously for a McDonald's Big Mac (Schecter & Lingjun, 1997) .
Agreement has not been reached on a "virtually safe," "acceptable daily intake" (A.D.I.), or "risk-specific" daily intake of dioxin TEQ. The standard provisionally adopted by the World Health Organization was 10 pg/kg body weight/d TEQ, and is now 1 to 4 pg/kg body weight/d . A target exposure level of 1 pg/kg body weight/ d TEQ for the population has been set in Germany and the Netherlands (Liem & Theelen, 1997) . The U.S. Environmental Protection Agency has used a level of 0.006 pg/kg/d in the past, and is considering 0.01 pg/kg/d as a new "risk-specific" dose based on one additional cancer case per 1,000,000 people over a 70-yr lifetime (Kociba, 1991; U.S. EPA Dioxin Reassessment Drafts, 1994 -1998 .
Emissions of these toxic contaminants are believed to have been reduced in some industrialized countries, and there are suggestive data indicating that background levels in human blood and milk in Germany, the Netherlands, and the United States may have declined recently (Schecter & Päpke 1998; Patandin et al., 1997; Schecter et al., , 1989 Päpke, 1998) . The efforts of environmental agencies to set and enforce regulations to decrease dioxin formation and spread into the environment should further reduce food contamination. Generally, however, government regulations and enforcement of standards for dioxin levels in food appear not to be in effect in the United States.
Given both the uncertainty about the long-term health effects of various levels of exposure to dioxinlike chemicals and the progress apparently made so far in some European countries in reducing levels of exposure, it seems reasonable to continue periodic surveillance of populations' exposures to dioxins through the food supply.
